X-ray CT and MRI provide important, complementary diagnostic modalities for imaging of musculoskeletal (MSK) extremities -the former offering high spatial resolution and the latter exquisite soft-tissue visibility. While each offers a powerful diagnostic tool with numerous strengths, a variety of limitations can be identified, including: (i) difficulty in examining weight-bearing extremities (e.g., impingements that manifest only in loaded or tensioned extremities); (ii) limitations in the presence of prosthetic implants (e.g., total knee replacement), where metal artifacts can hamper the visualization of implant loosening and bone disintegration; (iii) the potential for large cumulative radiation dose in longitudinal studies (e.g., analysis of fracture healing or response to therapy); and (iv) cost, space, and workflow associated with whole-body scanners used for extremities imaging. Addressing these challenges could benefit diagnosis, planning, and therapy evaluation in applications such as trauma, cancer, and inflammatory disease (e.g., arthritis).
Image quality was assessed in quantitative studies of spatial resolution, noise, and dose as well as qualitative studies in fresh cadaver specimens (hand, elbow, foot, and knee). Initial studies used a test-bench prototype with geometry equivalent to the scanner. Using a 90 kVp x-ray beam (+0.2 mm Cu added filtration), 987 projections were collected over 360 o , giving a total effective dose of ~0.06 mSv, which compares favorably (a factor of 2-5 lower) to that reported for diagnostic CT. Preliminary studies were at half-resolution (0.388 mm pixels), with reconstructions computed using 3D filtered backprojection at 0.25 mm voxel size.
RESULTS:
Quantitative x-ray technique optimization provided soft-tissue visibility within the power limits of the scanner (< 1 kW) at low radiation dose (~1/3 the dose of a conventional CT knee exam [1]). The antiscatter grid and bowtie filter demonstrated improved image quality at reduced dose to the patient. Example images of cadaveric extremities are shown in Fig. 2 . High isotropic spatial resolution is apparent in the visualization of fine trabecular details. The delineation of fat, muscle, and tendons is comparable to a conventional CT scanner. Further improvement in resolution and contrast-to-noise ratio is expected through refinement of the grid and bowtie filter on the scanner as well as improved reconstruction and artifact correction techniques tailored to extremities imaging. 
DISCUSSION:
Initial results demonstrate that the proposed cone-beam CT scanner will provide low dose, high resolution imaging of the extremities with soft-tissue contrast approaching that of conventional CT. The system complements existing imaging modalities and offers additional capabilities in imaging of weight-bearing extremities. It also offers potential advantages in cost and workflow relative to whole-body scanners, including the ability to perform digital radiography and dynamic real-time fluoroscopy on the same scanner. In addition, the task-specific design facilitates the development of dedicated image acquisition and reconstruction techniques to optimize image quality. These include dual-energy imaging (e.g., for improved soft-tissue visualization and analysis of inflammatory disease) and functional 3D/4D motion studies. Similarly, advanced reconstruction techniques are under development, including statistical reconstruction approaches and improved scatter and metal artifact correction. The prototype scanner is currently under construction and will be deployed next year in pilot studies targeting orthopedic imaging of the knee (including weightbearing exams and total knee replacement) and the hand (including monitoring of fracture healing and arthritis therapy response).
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